JP 2004-535488 A 2004.11.25

(19) B EEHEFT (UP) 8 RIF F L EAN () SHEBLESS
$5%2004-535488
(P2004-5354884)
) AEEH TRISEN AZSH (2004, 11.25)
(51) Int.CL." Fl F—7a—F (%)
CO8F 226/06 CO8F 2256/06 41100

EERR AWK FHREEWERE (&30 R)

21) HEES $EE2002-592364 (P2002-592364) |(71) AEA 500467390
86) (22) HEH SERE144E2H 228 (2002.2.22) AN —=Th A INATF4F FOAT4
85) BIERSZIRIME  ERRISE1ILB14H (2003.11.14) Z HIm—
(86) EREHERE S  PCT/US2002/005433 TAVAERE, IFAVE2 55133-
87 EEAMBE  W02002/094850 3427, ¥ b B—, ¥— F—.
87 ERELHME SERYL44ELL B 28H (2002.11.28) Ry FZA 33427, AV—ITh £V
(31) BSEIBEREE  09/860, 944 B—
(32) m%H SERY 1355 H 186 (2001. 5. 18) (74) KRB A 100099759
(33) BAEERE  KE (S £EL BA B
(74) {8 A 100077517
#E+ AA W
(74) {RIA 100087413
#E+ HE BX
(74) R A 100111903
£EL KR KE
R EICHE S

(54) [READER] 7AZ 7 b VBREEHAEI—T 1+ X BIUE ROl

(57)00 00

0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000O00000000000000



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

Ry e e s e e s e s Y |

Iy e ) [ [y |

oo o0o oo oooo0 oo oooo o0 oo oooogoQgo-g

oo o0 oooooogog

OO0 o0Dooo4dgUoooDooogogooao

O 0Oooo
O 0Oooo
O oOooo

Oooooooodg

O 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao
O OooQgooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao

Ooooooooogogooo

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooogooo

O

O

O
OJ
O
O
O
O
O
O

O
OJ

(2)

JP

2004-535488

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

2004.11.

25

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Ooooooodgdg

Ooooooooo0oooooo o0 oo ooooooDoDooooDooDoDooooooooofdg

Oo0ooooooo0ooDooooo0ooDooooooooooQgdg

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo

OoooooooooQgogooQm
OooooooogogQgogooQg

Ooo0oooogoQgdg

Oo0oooooooooDooooooooooogdg

Oo0oooogoQgg

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo

O0Ooo0ooood
OO0Oo0ooood
O0Ooo0o0oood
OOoo0oood
OOoo0oooodg
OOoo0ooood
OO0Oo0ooood
O0Ooo0Oo0oo0ood
OoOoo0oood
OOoo0ooood
OOoo0ooood
O0Oo0oooodg
O0Oo0Oo0oo0ooad

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
(]
O
O
O
O
O
O
O
O

)

O 0Ooo0oo0ooao
O Ooo0oooo
O Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0ooOooao
O 0Ooo0oooao
O Ooo0oooo
O Oooooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooo
O Ooo0oooao
O O0Oo0ogooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao

JP

2004-535488

O
O
O
O
O
O

O
O
(]
O
O
O

2004.11.

25

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e A s e e s e e e e ey e A s [
Ooooooooo0ooooooooooDoooooooDooooooooooodg
OoOoooooo0o0oooooo oo oDoDoooo0 oo oDoooo0ooDoooogdg
Ooooooo0ooooooo0o oo oDoDooooD oo oDoooo0oooDoooogdg

OO oo
O 0ooo
O 0Oooo
O oOooo

OO0 oooooog

Ooooooooo

Ooooooog

Oooooooog

O oo oooog

O
O
O
O
O
O
O
O
O
O
O

O Ooo0oooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo

O oo oooog

O 0O0ooooog

O 0O0ooooog

Ooooooooo

Ooooooooo

Oooooooo

Oooooooo

Ooooooog

O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O

O oo oooog

OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo

O
O
O
O
O

O
O
O
O
O

O
O
(]
O
O
O
O
O
O
O

|

JP

2004-535488

O
O
O
O
O
O

O
[
O
O
O
O

2004.11.

25

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

O

o

O 0O ogo

e s e e e e e ey e s s e Y o

Ooooooooooooooo0ooDooooooooooogogao-g
Oooooooooooooo0 oo oooooooDoooogoQgoQg

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

O 0Oo0oo0ooao
O 0Ooo0oooao

O
O
O

O
O

OOoo0ooooOod

Oooo0oooQgdg
O Ooooo

O

o

O Oooo

O

O Ooooo
O 0Oooo
O 0Oooo
O 0Oooo

O Oooo

oo o oooooogoQgog

O
O
O
O

O Ooogoo

Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod
OooooooogooQgodg
Oooooooogogodg
Oooooooogogog
OOoooooogogg
OO0 ooooogogog
OoooooooogoQgdg
OooooooogoQgg
Oooooooogogog
Oooooooogogg
OO0 ooooogogg
OOooooooogoQgodg
OooooooogogoQgg
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogoOodg
OooooooogooQgg
OooOoooogoaoee

O 0O oo

O O0ooo

O
O
O
O
O
O
O
O
O

O O0ooo

O 0Oooo

O Oooo

O Ooogo

O O0ooo

O O0ooo

O Oooo

O Oooo

O Ooogo

()

O 0ooo

O O0ooo

O O0ooo

O Oooo

O Oooo

O o0ood

O O0ooo

JP

O Oooo

O

O Oooo

2004-535488

ugbooagooad

O Oooo
O 0O oo
O O0ooo
O O0ooo
O Oooo
O Oooo

O O oo

2004.11.

gooad

O O0ooo

O O0ooo
O O
O O

O
O

Ooooooogdg

25

O

O
O
O

OOooooogdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

Oo0oDooodUoooDoDooUo4dooDooogogogogoooao
Ooooooooooooooooooooooooao
Oooooooooooooo0ooDooooooooao

Ooo0oooogQgoo
OooooogQgoao
OoooogQgogao
Oooo0ooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoao
Oo0oooogQgoo
Oooooggogao
Oooo0ooogoo
Ooo0ooooogooQgoo
OoooooogogQgoo
Oo0oooogQgoo
Ooooooggoao
OooOoo0ooooogogoo
Ooo0ooooogoQgoao
OoooooogoQgoo
OoooooogogQgoao
Oooooggoao
Oo0oooogoQgogao
OoooooogoQgoao
Ooo0oooogooQgoo
Oo0oooogogQgoao
OooooogQgoao
Oo0ooogogogao
OooooooQgoao
Ooo0oooogoogoo
Ooo0oooogogQgoo
Oo0oooogQgoao
Oooooggogao
Oooo0oooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoo
OooooogQgoao
Oooooggogao

e e e e e ) e s s Y [ |
Ooooooooo0oooooooooooooOgoogao
Oo0ooooooo0 oo oooooooDoooQgogoo-g

OOoo0ooooao
O0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
O0Ooo0oo0oooao
OOoo0ooooao
OO0O0oo0ooooao
O O0Oo0ooooao
O O0Oo0Oooooao
OO0Ooo0oo0oooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Oo0Oooooao
OO0Ooo0oo0oooao
OOoo0oo0oooao
OOo0o0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oo0ooao
OO0O0oo0oo0oooao
OOoo0ooooao
OO0Oo0ooooao
O O0Oo0ooooao

OoooooogoQgogoaoQg

O
O
O
O
O
O
O
O

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog

Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

Ooooooodg
OO0 ooooodg
Oooooood
Ooooooood
Oooooooodg
Ooooooodg
OOoooooogodg
Ooooooood
Ooooooood
Oooooooodg
Ooooooodg
OOo0oooood
OoOooOoooood
Ooooooood
Oooooooodg
Oooooooog
OOooooood
OO0 oooood
Ooooooood
Oooooooodg
Ooooooodg
Ooooooodg
OO0 oooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooodg

O 0Oooo
O o0Oooo
O oOooo

OoooooooQgodg
OooooooogooQodg
OooooooogQgdg
OooooooogoQgdg
Oooooooggdg
OoooooooOoadg
OooooooogoQodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogdg
OooooooogoQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogg
OoooooooQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg
OoooooooQgdg
OooooooogoQgodg
OooooooogoQgg
OooooooogoQgg
Oooooooggg

O
O
O
O
O
O
O
O
O
O
O

~
o
~

[
el

2004-535488

O
O
O
O
O
O

O
O
O
O
O
O

2004.11.

OOoo0ooood
O0O0Oo0oooogod

10

20

30

40

50



OooooooogogQgogooQo
OoooooogoQgogooQg
OoooooogQgogoQg

L T T e T e T e T e T e T e T s B e |

-

Oo0oooooo0ooooooo0 oo oooooooDoooogQgoQg
Ooooooo0oooooooo00 oo oDooooooDoooogogo-g
OOo0Doooo4oUoooooooo0 oo oDoooooooDooogogog
Oo0o0oooo4dUoooDoooUdUoooDoDooogoDUooDoooggaog
Ooooooooooooooo0ooDooooooooooogogao-g
Ooooooo0oooooooooDooooooooooogod

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

Oo0ao
Ooo0o0ooonOoao
Ooao
O00o0oo0ooOoao
ooooonoaod
ooooooag
O0o0od
ooooooad
O

Illl

2

N—C\——R

(CH2)n
\ /
T

O

'oooo?o

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O Ooo0oooao
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao

O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo

O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

[ i R

O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O oOoooo
O 0Ooooo
O 0OoOooog
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo

0
O

g
u

O

O

(N JP 2004-535488 A 2004.11.25

oboooboobooobooobooan

gobo° 0oboobobooboboboobooboobono
gboooboobobooboobooobooboooad

DOoO0O0o00DO0O0O0D0DO0OoOoOoaOo
D0DO0O00D0DO0O00D0DO0OO0OOoOaO
ooo'o0O0oo0?0000000
DOoO0O00D0DO0O00oD0DOoOoooaOo

O Oood

ooooooobooocooooooooobooooogoao

gobooobooobobogoboooboooboooboobodnb
;oo obdbooobooboooboooboocobooobobbad
oooooooOoocooooooooboobooooooooao

g
u

g
u

goooobooboboobobooobooboobonn
u

O 0ooo
O
O
O
[
O
O
O
O
(]
O
O
O
O
O

[ |
O d
O d
[
O
O
O
O
OJ
O
O
O
O
[
O
O
O
O
(]
O
O
O
O
O

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e e e e e s e ) s e e e e e s ) R Y Y Iy
e e e e e ) s e e e e e ) s e R Y Y I
I [ e s ) I ) R R A Iy
I e e e e R A Iy

O Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O OooOooo
O Ooooo
O O0OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo

O 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo

Oo0ooooooo0ooDoooooooooao
Oo0ooooooooooDoooogogogoooao
OO0 oDooDooogogoooooogogogogoooao
Oo0oooooooooooooooogoooao
Oo0ooooooooooooooooooao
Oo0ooooooo0ooooooooooooao
OOo0ooooooooooDooooogogogoooao
OO0 ooDoooggogoooooogogogoooao
Oo0oooooooooooooooooooao
Oo0ooooooooooooooooooao
Oo0ooooooooooooooooooao
Oo0ooooooooooDooooogogoooao
OO0 oooDooo4oooooooogooooao
Ooo0oooooooooooooooooooao
Oo0ooooooooooooooooooao
Oo0ooooooo0ooooooogoooooao
Oo0ooooooo0ooDooooogogooooao
OOo0oooooooooooooogogogoooao
OO0 0o oDooogggoooooogoggogogoooao
Oo0ooooooooooooooooooao
Oo0ooooooooooooooooooao
OOo0ooooooooooDoooooogoooao
Oo0oooDoooo0oooDoooogogoooao
OO0 ooDooogggoooooogogooooao
Oo0oooooooooooooooooooao
Oo0ooooooooooooooooooao
Oo0ooooooo0ooooooooogoooao
Oo0oooooo4ooooDoooogogogoooao

O Ooogoo

O 0O oo

O O0ooo

O O0ooo

O 0Oooo

O 0o oo
I Y [
O 0o o0oo
O 0o oo
O Ooogo
O Ooogoo
I [ [
O 0o 0o o
O 0o oOoo
O 0o oo
O Oooo
O O oo
I ) [
O 0o oOoo
O Ooogoo
O Oooo
O O oo
O O g o
O 0o oOoo
O 0o oo
O Ooogoo
I [ [y
I Y o [
O OO o
O 0o oo
O 0o oo
I [ [
I Y [

O Oooo

O Ooogo

O O0ooo

O O0ooo

O Oooo

O Oooo

O Ooogo

(8)

O
(]

O 0ooo

O O0ooo

O O0ooo

O Oooo

O Oooo

|

O o0ood

O O0ooo

JP

O

O Oooo

O Oooo

2004-535488

gooad
goao

O
O
O
O
O
O

O Ooooo
O O0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O OooOooo
O Ooooo
O OooOooo

O Oooo
O 0O oo
O O0ooo
O O0ooo
O Oooo
O Oooo

O

Oo0oooogog4oooDoooo4Qgooooao
Ooooooooooooooooooooao
OoooooooooDoooooooooao
OoooooooooDooooogogooooao
OooooooooooDoooogogooooao
Oo0ooooogog4ooooDoooogooooao

O O oo

2004.11.

gooad

O
O
O
O

O O0ooo
O O0ooo
O 0Oooo
O Oooo

25

O Ooogo

10

20

30

40

50



L T e T e T e T e T e Y |

C

OoOoooooo0o0ooDoooo0oooDoDoooo oo oDoooooooDoDoDooooooooogdg
[ e e e e |
Oo0oooooo0oU0oooooo0UooDoDoDoooo Do oDoDoDoDUo LoD oDoDoDoogogooooodg
e A s e s e e ) e e ) e e A |
Oooooocooo0oooooooooDoDoooo oo oDoooooooDoDoooooooooodo
Oooooooo0oDoooooo0o oo oDoooo oo oDoooooooDoDoDooooooooogdg

(9) JP 2004-535488 A 2004.11.25

H.1.=E)3—HhOLBIKEOBRA TR X 100

E)XI-ORTH

0000000000000 D0O0DODO0ODOO
oooo0o0o0oDOoooOo,00O0O0O0O0O00O0D0
0, 0'00000'000000000000
,0 0000, 0'00000000D0000A0

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO oo

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
OO o0gogog
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

OoooooogogoQgooao
OoooooogogQgogooao
OO0 oooooggogoao
OoooooooogooOoao
OoooooooogoOog
Ooo0oooooogoogog
Oo0oooooogogdg
OO0 ooooooggdg
OoOoooooooOod
OoOoooooooQodg
OoooooooogoQgodg
Oo0oooooogoQgg
OO0 oooooogogdg
OO0 oooooogogdg
Oooooooooodg
OoooooooogooQgog
Ooo0oooooogogodg
Oo0oooooogogg
OO0 oooooogogg
OooooooooOodg
OoooooooogooQgodg
Oo0oooooogoQgog
OO0 oooooogogdg
OO0 oooooogogdg
OoOoooooooOod
OoooooooooQodg
Ooo0oooooogoQgg
OO0 oooooogogdg
OO0 oooooogogg
OoOoooooooOod
OooooooooOodg
Ooo0oooooogoQgodg
Oo0oooooogogg
OO0 oooooogogdg

Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 Do oDoooggooooood
Oooooooooooooood
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 oo oDoooggogogooooood
Oo0ooooooooooooood
Ooooooooooooooodg
Oo0oooDoooooooooodg
Oo0ooooooooooooodg
OO0 oo oDooogogoooooodg
OO0 Do oDooogggogooooood
Ooooooooooooooodg
Ooooooooooooooodg
Oo0ooooooooooooodg
OO0 oooDooogogoooooodg
OO0 Do oDooogggooooood
Ooooooooooooood
Ooooooooooooood
Ooooooooooooood
Ooooooogogooooood
OO0 oDoDoooggogooooood
Oo0oooooooooooood
Ooooooooooooood
OooDoooooooooood
OooDooooogooooood
OO0 oDoDoooggooooood
Oo0oooooooooooood
Ooooooooooooood
OooDoooooooooood
Ooooooooooooood
OO0 oDoDooogogooooood

10

20

30

40

50



R s e [ [ A
e e e e e e e e s |

Ooooooo0ooooooo0ooDooooooooao

e e [ e e e e s e s s [ [ |

o000 oo ooodUoooDoDooo4ggoooooodg
Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

Oo0oDooodUoooDoDooUo4dooDooogogogogoooao

e [ ey e [ s [y [ |

Ooo0oooogQgoo
OooooogQgoao
OoooogQgogao
Oooo0ooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoao
Oo0oooogQgoo
Oooooggogao
Oooo0ooogoo
Ooo0ooooogooQgoo
OoooooogogQgoo
Oo0oooogQgoo
Ooooooggoao
OooOoo0ooooogogoo
Ooo0ooooogoQgoao
OoooooogoQgoo
OoooooogogQgoao
Oooooggoao
Oo0oooogoQgogao
OoooooogoQgoao
Ooo0oooogooQgoo
Oo0oooogogQgoao
OooooogQgoao
Oo0ooogogogao
OooooooQgoao
Ooo0oooogoogoo
Ooo0oooogogQgoo
Oo0oooogQgoao
Oooooggogao
Oooo0oooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoo
OooooogQgoao
Oooooggogao

OOo0ooooooooooDoooooooooodg
OO0 ooooooooooDooogogooooood
OO0 0Do0oooog0oooDoooggooooood
OOo0oooooooooooooooooood
OOo0oooooooDooDoooooooooodg
OO0 oooooooDooDoooooooooodg
OOo0oooooooooDoooogogooooood
OO0 o0DooooogUooooDoooggooooood
OO0oooOooooooooooooooood

Ooooooooogogog
OOooooooogoQgg
OO0 oooooogogg
OoOooooooooOodg
OoooooooogogoQgog
OoooooooogoQgog
Oooooooogogg
OO0 oooooogogg

O 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao
O OooQgooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooogoooao
O O0OoQgooao
O 0Oo0ooOooao
O 0Ooo0oooao
O 0Ooo0oooo

OoooooooOodg
Ooooooooodg
oo ooooogooQgodg
oo ooooogoogg
OO0 ooooogoogdg
Oooooooood
Ooooooooodg
oo ooooooQgdg
oo ooooogooQgg
Ooooooogogdg
OO0 ooooogoogdg
Ooooooooodg
oo ooooooQgodg
Ooo0oooooogg
Ooooooogogg
OO0 ooooogogg
Ooooooooodg
oo oooooQgdg
oo ooooogooQgodg
OO0 ooooogoogdg
OO0 ooooogogg

OO0 ooooooo oo oooooQgoooo
OO0 oD ooDoooo oo oDoooogoQgoooo
OO0 ooDoooooooDoooogoQgoooo
OO0 0o oDooogog oo oooooggogoooao
Ooo0ooooooooooooooogogoOooOooao
OO0 o0 oo oooo oo oooooQgoooo
OO0 oo oDoooo oo oDooooQgoooo
OO0 oo oooooooDoooogoQgoooo
OO0 0o oDooogooooDooooggogoooo
OO0 0o o0Dooog Qoo ooDooogogQgogogooao
oo ooooooo oo ooooogooooo
OO0 o0 oo oooo oo oooooQgoooo
OO0 oo oooo oo oDoooogoQgoooo
OO0 0ooooogooooDoooogoggogoooao
OO0 0o oDoooggUooooDooogoggQgogogooao
OO0 ooooooo o oooooogoooao
OO0 o0 oooooo oo oDooooQgoooo
OO0 Do oDooooo o oDoooogoQgoooo
OO0 ooDoooooooDoooogoggogoooo
OO0 0o oDoooggUoooooooggogoooao
OO0 oooooooooooooogoooao
OO0 o0 oo oooo oo oDooooQgooooo
OO0 0o oDoooo oo oDoooogoQgoooo
OO0 0o oDoooooooDoooogogQgoooo
OO0 0o oDooogogUoooDoooggogooao

~
[EnN
o
~

[
el

2004-535488

2004.11.

°c OO od
Ooooooooodg
oo ooooogooQgodg

O O0ooo

Ooooo °coogoogdg
OO0 ooooogggdg

O Ooooo
O 0OooOooo

N
()]

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Ooooooodgdg

Ooooooooo0oooooo o0 oo ooooooDoDooooDooDoDooooooooofdg

OOoo0oooao

OoOooooooooooooo0 oo oDooooDooDoDooooooooodg

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo

Ooo0oooogoQgdg

O Ooo0oooo
O Oooooao
O Oo0oooao

OoooooogoQgooao
OoooooogQgooao
OO0 ooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogoQgooao
Ooooooogogogooao
Oo0Dooooggogooao
OoooooooQgooao
Oooooooogoogooao
OoooooogoQgooao
Ooooooogoogooao
Oo0oooooggogooao
OoooooooogoOooOoao
Ooooooooogooao
OoooooogogoQgooao
OoooooogoQgooao
Oooooooggooao
OO0 ooooggogoao
Ooooooooogooao
OoooooogooQogooao
OoooooogoQgooao
OoooooogQgooao
OO0 oooooggogogoao
Ooooooooogooao

Oooooood
Ooooooogod
OOoooooogod

O Oooo

Oo0oooogoQgg

O Ooogoo

Oooooogogdg

O 0O oo

Ooooooggdg

I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

OooOoo0ooood
OooOoo0oood
Ooo0ooood
Ooo0oooogod
OoOoo0oooogod
Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Ooo0o0o0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod

O O0ooo

OooOoooooQdgdg

O O0ooo

Ooo0oooogoQgdg

O 0Oooo

OoooooogoQgog

O Oooo

Oo0oooogoQgdg

O Ooogo

Ooooooggdg

O O0ooo

OooOoo0ooooQgadg

O O0ooo

Ooo0oooogoQgdg

O Oooo

Oo0oooogQgdg

O Oooo

Ooo0oooogoQgdg

O Ooogo

Oooooogogdg

(11)

O
O
O
O
O
OJ
O
O
O

OooOoo0oooodgadg

OoooooogoQgdg

Oo0oooogQgdg

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O Ooooo
O OoOooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo

OoooooogoQgg
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Ooo0o0o0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod

2004-535488

OoooooooogogQgog
OoooooooogoQgg
Oooooooogogg
OO0 ooooogogg
OoOoooooooOodg
OoooooooogooQgog
OoooooooogoQgoog
OooooooogoQgg
OOoooooogogg

O
OJ
O
O
O
O

O
O
O
O
O
O

2004.11.

10

20

30

40

50



e R ey [ s R s [y |

OoOoooooo0ooooooo0 oo oDoooooUoooooDoDoDooooDoDoDooogoQgaog
Oo0oooooo0Uooooooo0o oo oDoDooooUUoooDoDoDogoooDoDooogogaog
e A s e e e ) ey e s s [ Y

Oooooooooooooogoogoooao

OoooooooQogoooao

OoooooogoQgogoooao

OO0 ooDooogoQgogooao

Ooo0oooooOooOooOooao

O
O

OooOoooooQgodg

I A
OOoo0oood

OoooooooQooooao

OoooooQgdg

Ooooooooooooo<®=o0oonooao

OoooooooQooooao

OoOoooooao
OOoo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Ooo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoooooaoo
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo

O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O Ooo0oono

O Ooo0ooo

O Ooooo

O Ooooo

O Oogoo

O Ooo0ooo

O Ooo0ooOoo

O Ooooo

O OooOooo

O O0OoOgoo

Ooooooooooooogoooao

OooooooQgogoooao

Ooooooooooooogogoooao

OO0 ooDooogoQgogooao

Oo0DoDooo4ogUoooooogogooao

Ooo0oooooOooOooOooao

OoooocooooooooogoogoooOoao

OoooooooQooooao

Ooooocooooooooogoogoooao

OoooooooQgoooao

Ooooooooooooogogoooao

OoooooogoQgoooao

Ooooooooooooogogogooao

OO0 ooooogogQgogooao

Oo0DoDooo4gogoooooogogooao

OOoo0oooooOooOooOooOoao

OooooooooooooogoogooOooOoao

OoooooooQooooao

Oooooooooooooogoogoooao

OooooooQooooao

Oooooooooooooogogoooao

OooooooQgoooao

Ooooooooooooogogoooao

OoDooooogoQgogoooao

OoDoDoooooooooogogooao

~
[EnN
N
~

OOoo0ooooooOooOooOooOoao

OooooooooooooogoogooOooOoao

Oooooooooooao

Ooooocooooooooogoogoooao

OooooooQogoooao

Oooooooooooooogooooao

OooooooQgoooao

Ooooooooooooogogx=T® ooo

OO0 ooooogogQgogogooao

O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

OooDoooooooooogogooao

Ooooooooooogoogo

Oooooooooooooogooogoogo

Ooo0oooooOooOooOooao

Ooooocooooooooogoogoooao

[
el

OoooooooQooooao

OooooooooooooogogT= ooo

OoooooooQooooao

Ooooooooooooogogoooao
OooDoooogooooooogogoao
Oo0DoDooogdgUoooDooogogogao
Ooooooooooooooo®E oo
Ooooocooooooooogogogoao
Oooooooooooooogogoao
OooDoocoogooooooogogoao
OOo0DoDooo4gg4oooDooog<= »oo
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Oooooooooooooogogoao
Oooooooooooooogx=® oo
Oo0DoDooogg4oooooogogogao

2004-535488

OoooooogoQgogoooao
OO0 ooDooogoQgogooao
OoooooooOooOooOooOoao
OoooooooQooooao
OoooooogooQgoooao
OooooooQgoooao

OO0 ooDooogoQgogoooao

2004.11.

Oo0oo0oooooOooOooOooOoao

OoooooooOooooao

OooooooQgoooao

OooooooQgoooao

N
()]

OOoDooooogoQgogooao

10

20

30

40

50



L T e T e T e T e T e T e T e B e T e B e B T e T e T e T e T e B e |

Oo0oooooooo0 oo oooooooDoooQgogo-g
OO0 oooooo4o0ooDooogogooooDooogogooQg
Oo0oooOoooo0ooDooogogoooooogogaoQg
e e e e e ) e s s Y [ |

OooOoo0oood
Ooo0ooood

(13) JP 2004-535488 A 2004.11.25

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
OO0Oo0O0o0ooogod
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0O0o0Oo0ooogod
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood
OOoo0ooood
O0O0Oo0oooogod

Ooo0oooooOooOooOooao
OoooooooQooooao

uoooboobooboobobooboobobnboao
ooooooooboboOoooouoooooboooooooooobooooboooOooao
goooobooobooboobobooobooboobooobobobooboobodnb
ubbobouobobooboooobooboboobobobooboobaa
coooooooobo, 0000000000 O0O0ODODOOO0OO0OO00n0
goboobooboboooboooboobooboooobooboaodnb
oooooooooooooooooooooobooooooooao
gooboooboobobogogboooobooboboooboobonb
uboboooboobooboboobooboooooboooboagadnnb

Ooooooaogs
O0Ooo0oooao
O
O
O O0OoOgooo

#Z1. e FOSFILER

o e & % % FRA %ED 7 LR

A 10 IPA 1 84 &

A 10 IPA 2.5 50 43

A 10 IPA 5 274

A 10 IPA 10 25 &

A 15 IPA 1 30 4

A 15 | PA 2.5 18 %3

A 15 IPA 5 16 5

A 15 | PA 10 135

B 5 IPA 10 30 4

B 10 IPA 10 2.25 4%

B 5 MEK 10 > 48 FEf

B 10 MEK 10 60 53
0O0aaano
goooooooooooboboooboootoooo0ooooooooooooooOoaoao
ooo0ooooooodoao
O0a0gao
ooo0ooooooooooboDbooobooooooo0ooooooooooooooOoaonoao
goooooooooooobouoboooooooDoooDoooooDooooOoaoaa
ofdo0ooodooooo0ooo0oooo0oooo0ooo0obo0oooDoobooob0oobooobdan

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

OO0o0oooo0o40dUoooDooUoUdUoooDoDooUUoUUoooDoooggogoao

O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo

OO0 ooDoogogoooDooodgogooao

O 0Ooo0ooOooao
O 0Ooo0oooo
O 0Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo

Ooo0oooooOooOooOooao

OooooooooOodg

OOo0oooooogogooooao

'O o000 oogao

[

O OO

OoooooooogooQgog

OO0 oo ooooQoooooo

OoooooooogogQgogooQg
Oo0oooooogoggogooQg
OO0 oooDoooggogodg
Ooo0ooooooooogoaod
OooooooooogoogooQo
OO0 oooooogogoQgogooQg
OooooooogoggogooQg
OO0 ooooooggogodg
Ooo0oooooooogooOgoao

oo oooooogodg

OoooooooQogooooao
OoooooogogQogooooaog
OO0 ooDoogog4Qgooooaog
OOo0oooooooooooao
Ooooooooooooaoo
Oooooooogooooaoo
OoooooogogQgooooao
OO0 ooDoogog4Qgooooaog
OOo0oo0ooooooOoooooao
Ooooooooooooaoo
OoooooooQogooooao
OooooooQgoooao

O oo ooooogdg

OO0 oooooogdg

Oooooooood

oo oooooogodg

oo oooooogodg

O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo

O
O
O
O

'O 0o0o0ooogoog

[,

[ I Ry |

Oo0oooooogogogoogooQg
OooooooogoogogooQg
OoDooooooggogog
OooooooooogoogoO
OooooooooQgoogoao

OoDooooogoQgogoooao

~
[EEN
N
o’

OOoo0ooooooOooOooOooOoao

Oooooooooooao

OoooooogogQgogooQg
OoooooogQgogooQg
OoooooogQgogaog
OO0 oooogQgogog

OooooooQogoooao

O
O
O
O
O
O

OooooooQgoooao

O
O
OJ
O
O
O

OO0 ooooogogQgogogooao

Ooooooooooogoogo

OoooooooOooOgoao
Ooo0oooooogoQoogoo
OoooooogoQgogooQg
OoooooogQgogoQg
OO0 oooooggogg
OoooooooOoogoQo
OooooooogoQoogoo
OoooooogoQgoogoaoQg
OoooooogoQgogoQg
Oo0oooooggogog
OoooooooOooOoo
OooooooogoOoogoo
OoooooogQgogooQg
OoooooogQgogooQg
Oo0oooooggogog

Ooo0oooooOooOooOooao

[
el

OoooooooQooooao

OoooooooQooooao

2004-535488

O
O
O
O
O
O

OoooooogoQgogoooao
OO0 ooDooogoQgogooao
OoooooooOooOooOooOoao
OoooooooQooooao
OoooooogooQgoooao
Oo0ooooooggogooQg
OO0 ooooooggogog
Ooooooooogogo x
OooooooooQgogogooQo
Oo0oooooogogogogoo-g
oo oooooogoggogooQg
OO0 ooooooggogodg

O
OJ
O
O
O
O

O
O
O
O
O
O

OJ
O
O
O
O
O

2004.11.

N
()]

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Ooooooooooooood
Ooooocooooooooogod

OooooooooooooooooDoooooooDoooooooooofd

O Ooo0ooo

Oooooooo0oooooooDooDooooooooood

Ooooooooooooooooooogdg
OoooDooooooooooooooodg
Oo0ooDoogogooooDooo4gogooooodg
Oooooooooooooooooood
Ooooooooooooooooooodg
Ooooooooooooooooooodg
Ooooooooooooooogoooodg
OOo0ooDoogogooooooo4ogogoooodg
Oooooooooooooooooood
Ooooooooooooooooooodg
Ooooooooooooooooooodg
Ooooooooooooooooooodg
OoDooDooooooDooo4gogooooodg
Oooooooooooooooooood

Oooooooooooao

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Ooo0oooao
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0ooo0oao
O Ooo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
OOoo0oooao
OOooooao
O Oooooao
O Oo0ooogoao

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0oooao

OOoo0oooao

O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
O 0Oo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
O 0Ooooo
O 0Ooogoo
O Ooogoog
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
I [ Y

(15)

Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oo0ooao

OooooooQogoooao

OooooooQgoooao

OO0 ooooogogQgogogooao

Ooooooooooogoogo

|

[

Ooo0oooooOooOooOooao

O 0Ooo0ooo
O 0Ooooo
O 0Ooogoo
O Oooo

O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

OoooooooQooooao

OoooooooQooooao

2004-535488

O O
O O

OoooooogoQgogoooao
OO0 ooDooogoQgogooao
OoooooooOooOooOooOoao
OoooooooQooooao
OoooooogooQgoooao
OooooooQgoooao

O 0O oo
O O0ooo
O O0ooo
O Oooo
O Oooo

O
O
O
O
O
O

O
O
(]
O
O
O

OO0 ooDooogoQgogoooao

O O oo

2004.11.

Oo0oo0oooooOooOooOooOoao

O O0ooo

OoooooooOooooao

O O0ooo

OooooooQgoooao

O 0Oooo

OooooooQgoooao

O Oooo

OOoDooooogoQgogooao

O Ooogo

10

20

30

40

50



L T e T e T e B e B e T e R e T e T e O e T e R e T e T e T e T e T e T e O e T e T e B e B e |

Ooooooooooooooooooodg

(16) JP 2004-535488 A 2004.11.
OO
Oo0o0oooo0oooo0oooooo0oo0oooDo0ooooooDo0oooo0ooooo0ooooonodan
000
ooo0oooo0oooo0oooo0obooo0oooo0ooooo0oo0oooo0oboooboooooondan
goooooooooooooooooou0oogooouoooooooooooooogg
Ooo0ooao
Oo0o0oooo0oooo0oooo0ooo0oo0ooo0oo0ooo0oobo0oo0ooDoo0ooooooooooandan
Oooooooooooooooooooo0oooooooooooooooooogoao
gooooooooaooao
Oo0o0oooo0oooo0oooooo0oo0oooDo0ooooooDo0oooo0ooooo0ooooonodan
gooooooooooooooocoooooooooooooooo0oa0Oanooano
Oo0oa0goao
Ooo0oooooooaooao
gooooooooooooooooooooootoooooooooooooooao
Oo0o0oooo0oooo0oooo0ooo0oo0ooo0oo0ooo0oobo0oo0ooDoo0ooooooooooandan
Oooooooooooooooooooo0oooooooooooooooooogoao
gooooooooooooooooooootototooooooooooooooao
Ooo0o0ooooooooooonOoa
Ooo0oo0oo0oao
0O0ao
2.
aA—F4 Y 2% 5% 10% kBRO [1:101ZHRLL
Wik JRyYy<w—| aRy<—1 aRy<v— APTMS APTMS
(ml) {ml) {ml) (p i) (t)
B1 : 10 140
292Ky~ —
5% 3B
B2 : 10 280
2% Ry —
10% B 1%H
B3 : 10 350
5% 3Ry —
5% R &A
B4 : 10 70
5% /R I —
10% 2R $& &
B5 : 10 70
10%aR) 27—
5% ZRBFI
B6 : 10 140
10%aR)<7—
10% £ & #H)
Oo0oo0goao

goboooboobobooboonb
ugboobooouoboobobooboboobooooboobooboooboonao
goooooooooboooooooooboobooooooooobobobooooooooao

25

O Oooo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

Ooooooogo<®= Ooog

O oOooo

[ I R |

Oo0ooooooo0ooDooooo0ooDooooooooooQgdg

OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg

O
O
O
O
O
O
O
O
O
O

OoooooogogoQgooao
Oooooo<*T 4googooao
OO0 oooooggogoao
OoooooooogooOoao
OooooooooQgoooao
OoooooooQgooao
Ooooooogogogoog
Oooooooggogdg
OOoo0ooooogooOod
OoooooooogooQg
OooooooQgogo-g
OoooooogogogogooQg
Oooooooggogog
OOoo0ooooooOod
OoooooooogooQgoQg
OooooooogogooQg
Ooooooogogogoog
Ooooooogoggogg
OO0 oooooggogog
OoooooooogooQgod
OooooooQgogooQg
OoooooogoogogooQg
OooooooggogoQg
OO0 oooooggogdg
OoooooooogooOgoQg
OoooooooQgoogoaoQg
OoooooogogogooQg
Ooooooogoggogog
Oooooooggogog
OOoo0ooooQgooOo-g
OoooooooQgoogoQg
Ooooooogogogdg
OoooooogogogogooQg
Oooooooggogog

OO0 oo ooooQgoooo
OO0 oo oooogogoooo
OO0 oo oDooogQgogogooao
Oooooooogooooao
oo ooooooQgoooo
OO0 oo ooooQgoooo
OO0 oo oooogoooo
OO0 oo oDooogogooao
OoooooooogoOoooao
oo oooooogoooo

O
O
O
O
O
O
O
O
O
O

Oooooooodg
Ooooooodg
OOo0oooood
OoOooOoooood
Ooooooood
Oooooooodg
Oooooooog
OOooooood
OO0 oooood
Ooooooood
Oooooooodg
Ooooooodg
Ooooooodg
OO0 oooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
oo oooo®E dg

OooooooQooooao

OooooooQgoooao

OoDooooogoQgogoooao

~
[EEN
~
o’

OOoo0ooooooOooOooOooOoao

Oooooooooooao

OooooooQogoooao

OooooooQgoooao

OO0 ooooogogQgogogooao

Ooooooooooogoogo

|

Ooo0oooooOooOooOooao

[
el

OoooooooQooooao

OoooooooQooooao

2004-535488

OoooooogoQgogoooao
OO0 ooDooogoQgogooao
OoooooooOooOooOooOoao
OoooooooQooooao
OoooooogooQgoooao
OooooooQgoooao

OO0 ooDooogoQgogoooao

2004.11.

Ooooooood
Oooooooodg
Oooooooodg
oo ooooxT o

Oo0oo0oooooOooOooOooOoao

OoooooooOooooao

OooooooQgoooao

OooooooQgoooao

N
()]

OO0 oooood

OOoDooooogoQgogooao

10

20

30

40

50



OO0 o0 oo oooo oo oooooQgoooo

O — — m M — /s s e

OoDoooooooooodg

(18) JP 2004-535488
ooooooooodao
ooo0oooooooooo0oooo0oooDoooooooooooooooao
goo00oooooooooooooo0oboob0Doooooo0oooooooOonoano
Ooo0ooooooo0ooooooo0oooo0oooooooooooooooao
ogo0o0oooo0oooooootoooo0oboobo0oooobooooooooooan
goooooooooooooo0oo0oboo0DoooboDooooooooOonUano
ooo0ooooooo0ooooooo0ooooooooooooooooooao
oo0o0oooooooooooooo0ooobo0ooooooooooooOonoano
I I I e I e e I e 6 O A A O R B AR
ooo0oooooooooo0oooo0oooDoooooooooooooooao
goo00oooooooooooooo0oboob0Doooooo0oooooooOonoano
Ooo0ooooooo0ooooooo0oooo0oooooooooooooooao
ogo0o0oooo0oooooootoooo0oboobo0oooobooooooooooan
goooooooooooooo0oo0oboo0DoooboDooooooooOonUano
ooo0ooooooo0ooooooo0ooooooooooooooooooao
oo0o0oooooooooooooo0ooobo0ooooooooooooOonoano
I I I e I e e I e 6 O A A O R B AR
ooo0oooooooooo0oooo0oooDoooooooooooooooao
oo00oooo0oooooooo0oooo0oboooooboooOondoao
Oo0oa0goao
Oooao
%3, A—TF4VTEHOFRY I TOERER

EWEH | Aoz T | vxT | BES ZEA FEUEE
HE %
(g/m?) (nmo| .~ mg)

13a 440 L 3.0 ED 21

13b PBT 41.2 3.0 ED 93

13c PET 35.0 3.0 ED 104

13d PP 15.0 1.5 ED 69

13e PP 15.0 3.0 ED 148

13f PP 15.0 1.5 N—EED 47

13g PP 15.0 3.0 N—EED 93
Ooo00o0oogao
O0a0gao
gooo0ooooooooooooOooao
I I I e I e e I e 6 O A A O R B AR
ooo0oooooooooo0oooo0oooDoooooooooooooooao
Ooo00oogao
Ooo0ooooooo0ooooooo0oooo0oooooooooooooooao
ogo0o0oooo0oooooootoooo0oboobo0oooobooooooooooan
goooooooooooooo0oo0oboo0DoooboDooooooooOonUano
ooo0ooooooo0ooooooo0ooooooooooooooooooao
oo0o0oooooooooooooo0ooobo0ooooooooooooOonoano
I I I e I e e I e 6 O A A O R B AR
ooo0oooooooooo0oooo0oooDoooooooooooooooao

Oo0oDoooggUoooooogogogao
Ooooocooooooooogoogoao
Ooooocooooooooogoogoao
Oooooooooooooogogoao
Oooooooooooooogogoao
Oo0DoDooogg4oooooogogogao

O
O
O
O
O
O

OoOoo0oooogod
OooOoo0ooood
OooOoo0oood

2004.11.

OOoo0oooao
OOoo0oooao
O Ooo0ooogoao

25

10

20

30

40

50



Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 Do oDooogoggogooooood
Oooooooooooooood
Oo0ooooooooooooodg

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo

I Y [y
O 0o oo
I [
O 0o oo

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo

(19)

|

2004-535488

O
O
O
O
O
O

O
O
O
O
O
O

2004.11.

25

O

10



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

WO 02/094890 Al

(20)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) Tnternational Publication Date
28 November 2002 (28.11,2002)

{10) International Publication Number

WO 02/094890 Al

{51) International Patent Classification”: COSF 8/32,
220/56. 226/06, COID 133/26, CO8Y 7/12, 3/24, C12N
11/08, CO8K 5/17, 5/5455, COSL 33/26

{21) International Application Number:  PCT/US02/05433

{22) International Filing Date: 22 licbruary 2002 (22.02.2002)

{25) Filing Language: FEnglish

{26) Publication Language: English

{30) Priority Data:
09/860.944 18 May 2001 (18.05.2001) TS

{71) Applicant: 3M INNOVATIVE PROPERTIES COM-
PANY [US/US]; 3M Cenlter, Post Oflice Box 33427, Saint
Paul, MN 55133-3427 (US).

Inventors: HADDAD, Louis, C.; Post Office Box 33427,
Saint Paul, MN 55133-3427 (US). HEMBRE, James, I.;
Post Olfice Box 33427, Suint Paul, MN 55133-3427 (1IS).
RASMUSSEN, Jerald, K.; Post Ollice Box 33427, Suint
Paul, MN 55133-3427 (US). SARPONG, Daniel; Post Of-
fice Box 33427, Saint Paul, MN 55133-3427 (US).

Agents: GRAM, Christopher, D. el al.; Office ol Tntellec-
tal Property Counsel, Post Office Box 33427, Saint Paul,
MN 55133-3427 (US).

(81) Designated States (nazional): Ali, AG, AL, AM, AT (util-
ity model), AT, AU, A7, BA, BB, BG, BR, BY. BZ, C
CII, CN, €O, CR, CU, CZ (utility model), CZ, DE (ut
ity model), DE, DK (utility model), DK, DM, DZ, EC, EE
(utility model), LILL, LiS, 1l (utility model), 11, GB, GD, GL,
GH, GM, HR, HU, 1D, IL,, IN, IS, JP, KIi, KG, KP, KR, KZ,
I.C, 1K, TR, I8, IT. 1.U, TV, MA, MD, MG, MK, MN,
MW, MX, MZ, NO, NZ, OM, PIL, PL, PT, RO, RU, SD,

SG, SI, SK (utility model), SK, SL, TJ, TM, TN, TR,

. UA, UG, UZ, VN, YU, ZA, ZM, ZW.

{84) Designated States (regional): ARIPO patent (GII, GM,
KL, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, 4ZW),
Linrasian patent (AM, AZ, BY, KG, K7, MDD, RU, 1), TM),
Ruropean paient (AT, BT, CH, CY, DI, DK, TS, TT, TR,
GRB, GR. TR, IT, LU, MC, NI, PT, SE, TR), OAPT palent
(BE. BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, 8N, ID, 1G).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendmenis

For nwo-leiter codes and other abbreviations. refer 10 the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT

{54) Title: AZI.ACTONE-FUNCTIONAL ITYDROPITILIC COATINGS AND ITYDROGEL.S

(57) Abstract: Surface coalings including azlactone-lunctional hydrogels and articles with the coatings disposed thereon are dis-
closed. Methods of making the coating and comtrolling the gellation time of the hydrogels arc also disclosed.

JP 2004-535488 A 2004.11.25



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

20

30

(21) JP 2004-535488 A 2004.11.25

WO 02/094890 PCT/US02/05433

AZLACTONE-FUNCTIONAL HYDROPHILIC COATINGS
AND HYDROGELS

Field of the Invention
This invention relates to porous, hydrogel coatings useful for the immobilization of
biologically active molecules and, particularly, to crosslinked, azlactone-functional
hydrogel coatings that are useful for the preparation of DNA and protein arrays, diagnostic
devices and materials for the separation of biologicél species. More particularly, this

invention relates to porous hydrophilic, crosslinked, azlactone~functional coatings and gels.

Background

Coatings derived from copolymers of polymerizable azlactones and olefinically
unsaturated monomers are known. Such coatings are derived, in general, from rigid, high
glass transition temperature (Ty), hydrophobic copolymers. Crosslinking is accomplished
by dispersing or dissolving the azlactone copolymer with a crosslinking agent, generally in
an approximately stoichjometric amount to the azlactone, in a volatile organic liquid,
applying the mixture to a substrate, then allowing the coating to crosslink via azlactone
ring-opening reactions with the crosslinking agent. Suitable crosslinkers are polyols and
polyamines. Polyamines, such as ethylene diamine, react with azlactones at room
temperature, thereby forming crosslinks. Because of the rapid reaction between azlactones
and primary amines, incorporation of a ketone solvent in the coating mixture is desirable.
Polyols react much slower with azlactones and generally require a catalyst, such as a
strongly acidic or basic catalyst, to promote crosslinking.

Various coatings derived from azlactone copolymers are known. For example,
known coatings include copolymers of 2-alkenylazlactones with acrylic acid esters and
copolymerizable vinylidene compounds having at least one hydroxyl group that crosslink
on drying or mild heating. Such polymers crosslink by reaction of the hydroxyl groups on
one chain of the polymer with azlactone groups on other chains. In general, an acidic or
basic catalyst is again needed to facilitate the crosslinking reaction. Coatings derived from

azlactone copolymers that are crosslinkable by exposure to radiation are useful in imaging

_ applications. Uncrosslinked azlactone copolymers may be used to coat a variety of

substrates. These coated substrates can be used for the immobilization of functional



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

30

(22) JP 2004-535488 A 2004.11.25

WO 02/094890 PCT/US02/05433

materials, including biologically active species such as proteins. Crosslinked azlactone-
functional moieties may be included in a coating over the surfaces of chemically reactive,
porous supports. These reactive supports can, in turn, be reacted with biologically active
materials to produce adduct supports.

While there are a variety of methods for producing coatings derived from
azlactone-functional materials, some of which provide azlactone-functional coatings
useful for the immobilization of other species, there remains a need for additional or
improved methods for providing coated materials for use in the immobilization of

biologically active materials.

Summary
This invention relates to the preparation of reactive hydrophilic coatings and

hydrogels that can be applied to various substrates for the purpose of covalently attaching
a functional material to the substrate. In particular, the invention provides a crosslinked
hydrogel for coating a substrate comprising at least one azlactone-functional copolymer
comprising a plurality of azlactone moieties, a plurality of azlactone functional groups,
and at least one comonomer, and at least one crosslinker comprising a first moiety and a
second moiety, wherein the first moiety of a first crosslinker is covalently bound to a first
azlactone moiety and the second moiety of the first crosslinker is covalently bound to a
second azlactone moiety or a second crosslinker.

In some embodiments of the crosslinked hydrogel of the present invention, the
second moiety of the first crosslinker is covalently bound to a second azlactone moiety. In
such embodiments, the first crosslinker may be a primary polyamine, a polyether
polyamine, a compound containing both a primary and a secondary amine, or any other
suitable crosslinker. In other embodiments, the second moiety of the first crosslinker is
covalently bound to a second crosslinker molecule. In such embodiments, the first
crosslinker may be bound to a second crosslinker molecule having the same chemical
structure as the first crosslinker. Alternatively, the first crosslinker may be bound to a
second crosslinker having a different chemical structure than the first crosslinker. Tn
either embodiment described above, the first crosslinker, the second crosslinker, or both

may be a heterobifunctional crosslinker such as an aminoalkylalkoxysilane.
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In some embodiments of the present invention, the crosslinked hydrogel includes

polymers made from jonic or non-hydrophilic comonomers.

Detailed Description of the Invention
5 This invention relates to the preparation of reactive hydrophilic coatings and
hydrogels that can be placed on the surfaces of various substrates or within the structures
of various structured (i.e., macro- or microstructured) substrates for the purpose of
covalently attaching a functional material to the substrate. More specifically, the present
invention provides compositions and processes for applying coatings including azlactone
10 functionality onto substrate surfaces. The coatings may include thin films, thick gels, or
any intermediate thickness. These coatings may provide for the attachment of functional
materials to the substrate. A “functional material” is any chemical species having (a) a
nucleophilic group that can react with an azlactone and (b) another reactive site, which is
desired to be attached to the substrate to accomplish a specific purpose. In certain
15 embodiments of the present invention, the functional material includes a biologically
active material.
For the purposes of this invention, the following definitions shall have the
meanings set forth.
“1°/2° amine-containing compound” as used herein shall mean any compound,
20 molecule, composition or complex having one primary amine-containing functional group
and at least one secondary amine-containing functional group.
“Azlactone functional group” shall mean a functional group having the structure:
Rl
//N—é\—RZ
- CH
o—C
g
wherein R! and R are, independently, an alkyl group having 1-14 carbon atoms, a
25 cycloalkyl group having 3-14 carbon atoms, an aryl group having 5-12 ring atoms, an

arenyl group having 6-26 carbon atoms and 0-3 S, N, or nonperoxidic O atoms, or R' and
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R” taken together with the carbon to which they are both joined form a carbocyclic ring
having 4-12 carbons, and n is the integer 0 or 1.

“Functional group” as used herein shall mean a combination of atoms in a
molecule, compound, composition or complex that tends to function as a single chemical
entity. Examples of functional groups include, but are not limited to, -NH; (amine),
-COOH (carboxyl), siloxane, -OH (hydroxyl), and azlactone. For example, prior to
reaction, certain crosslinkers may contain one or more amine functional gronps and certain
copolymers may contain one or more azlactone functional groups.

“Heterobifunctional” as used herein shall mean, with respect to any molecule,
compound, composition or complex, having more than one functional group and having at
least two functional groups that are different from one another. For example, an amino
acid is heterobifunctional because it contains two functional groups, the amino group and
the carboxyl group, that are different than one another.

“Hydrogel” means a water-containing gel, i.e., a polymer that is hydrophilic and
will absorb water, yet is insoluble in water.

“Ionic,” with respect to monomers, shall be construed broadly to refer to
monomers that inherently have a formal charge as well as monomers that are acidic or
basic enough that they can acquire a formal charge when in contact with an aqueous
medium.

“Moiety” as used herein shall mean the portion of a functional group from a first
reactant that combines with a functional group of a second reactant to form a covalent
bond in the reaction product. For example, in a peptide bond, the -NH- that participates
in the peptide bond remains from the amine functional group of one amino acid and is
therefore considered, herein, to be an amine moiety in the peptide product. The -C=0 that
participates in the peptide bond remains from the carboxylic acid functional group of the
second amino acid and is therefore considered a carboxyl moiety in the peptide product.

“Non-hydrophilic” as used herein shall refer, with respect to any molecule,
compound, composition or complex, to any material that has a Hydrophilicty Index of less
than about 40.

“Pot life” shall mean the length of time during which a coating formulation

remains soluble and homogeneous with low attendant viscosity.
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“Primer” shall mean any suitable material that promotes or improves adhesion
between the copolymer and the substrate. “Primer” shall include both inert primers and
reactive primers. Inert primers act as an adhesion-promoting interlayer between the
copolymer and the substrate. Reactive primers form covalent bonds between the
copolymer and the substrate to improve adhesion.

The azlactone-functional hydrogel coatings of the present invention are produced
by first preparing a solution of a hydrophilic, azlactone-functional copolymer. This
copolymer is then formulated with an appropriate crosslinker, and the mixture is then
coated on or applied to an appropriate substrate. The crosslinker reacts with a portion of
the azlactone groups of the copolymer, thereby forming the porous, crosslinked hydrogel.
Unreacted azlactone groups in the hydrogel coating are then available for the attachment
of functional materials for the appropriate end uses.

Azlactone-functional copolymers may be prepared by a variety of free radical
polymerization processes in which alkenyl azlactone monomers are copolymerized with
comonomers. Typical solution polymerization processes have been reported, for example,
ian.S4 Pat. No. 4,304,705, issued to Heilmann et al. and U.S. Pat. No. 3,583,950, issued
to Kollinsky et al. For the purposes of this invention, suitable comonomers include,
without limitation, hydrophilic or water-soluble monomers such as acrylamide,
methacrylamide, N-mono- and N,N-disubstituted acrylamides and methacrylamides, N-
vinylamides such as N-vinylformamide and N-vinylpyrrolidinone, and
hydroxyalkylacrylates and acrylamides such as 2-hydroxyethylmethacrylate and N-
acryloyl-trishydroxymethylaminomethane. For many applications, uncharged copolymers
may be desirable in order to reduce the possibility for nonspecific binding of biological |
macromolecules to the coatings. For specific applications, however, ionic comonomers
may also be incorporated into the copolymers. Ionic monomers may be anionic or
cationic. Anionic monomers include unsaturated acids and their metal salts, such as
acrylic, methacrylic, maleic, fumaric, and itaconic acids, vinyl phosphoric and phosphonic
acids, styrenesulfonic acid, and 2-acrylamido-2-methyl-1-propanesulfonic acid; cationic
monomers include amine-containing monomers such as 2-, 3- or 4-vinylpyridine, (3~
acrylamidopropyl)trimethylammonium chloride, 2-diethylaminoethylacrylate and
methacrylate, 3-dimethylaminopropylacrylate and methacrylate, and similarly substituted

acrylamides and methacrylamides.
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Copolymers within the scope of this invention also may include non-hydrophilic
comonomers. As used herein, non-hydrophilic comonomers include any comonomer that
has a Hydrophilicity Index of less than about 40. The Hydrophilicity Index (or “H.1.”) is
an empirical concept that may be useful for describing the hydrophilic character of

monomers suitable for use in the present invention. H.L is defined as:

H.I = total molecular weight of all hydrophilic groups in the monomer x 100.
molecular weight of the monomer

Hydrophilic groups are generally those that are functionally capable of forming hydrogen
bonds with water. Examples of hydrophilic groups include, but are not limited to, -N-,
-NH-, -NH,-, -O-, -OH, -COCH, -C=0, -OC=0, -CO,” M" (wherein M*is an alkali or
alkaline earth metal cation), -SH, SO3H, -SO3;”M*, -NHCONH-, and other ionic functional
groups.

Non-hydrophilic comonomers may be incorporated at less than about 50% by
weight and still maintain sufficient hydrophilicity of the coatings and help minimize
nonspecific binding. Certain embodiments incorporate non-hydrophilic comonomers at
less than about 30% by weight. Suitable non-hydrophilic comonomers include, without
limitation, known acrylate and methacrylate esters, styrene, and other free radically
polymerizable monomers.

Once the appropriate azlactone-functional copolymer has been prepared, coating
mixtures are formulated by adding crosslinkers to the copolymer. This is convenienily
done in an appropriate organic solvent that is nonreactive with azlactone functional
groups. The copolymer may be diluted with solvent to a concentration of about 5% by
weight or less prior to the addition of crosslinker. In other embodiments, the copolymer
may be diluted with solvent to concentrations of about 10% by weight or about 20% by
weight prior to the addition of crosslinker. The solvent used for dilution may be the same
solvent in which the copolymer was prepared or may be one or more different solvents.
Crosslinking, or gellation time, is conveniently controlled by copolymer concentration and
the amount of crosslinker added, thereby allowing adequate time for coating or for filling

structures, followed by rapid cure time to provide finished product. In general, the lower
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the copolymer concentration or the lower the amount of crosslinker, the longer it will take
for the crosslinking/gellation to occur.

Crosslinkers useful for the purposes of the present invention include, without
limitation, materials that include nucleophilic groups that will undergo ring-opening
reactions with azlactone functional groups. Suitable crosslinkers include primary
polyamines, such as ethylenediamine, 1,3-propanediamine, 1,3-diamino-2-
hydroxypropane, 1,6-hexanediamine, tris-(2-aminoethyl)amine, and the like; and
polyetherpolyamines, such as 4,7,10-trioxa-1,13-tridecanediamine, 3,6-dioxa-1,8-
diaminooctane, amine-terminated polyethyleneglycol and polypropyleneglycol
homopolymers and copolymers, and the like. To achieve the purposes of the invention,
the stoichiometry between the nucleophilic groups of the crosslinker and the azlactone
functional groups of the copolymer should be less that 1:1 so that the final crosslinked
hydrogel still contains reactive azlactone functionality. Thus, the azlactone content in the
original copolymer will provide an upper limit on the amount of crosslinker that may be
added to the coating formulation. The intended final use of the hydrogel may also dictate,
to a certain degree, the amount of crosslinker used in the formulation. The amount of
crosslinking will influence the swelling and porosity of the hydrogel, thus affecting the
rate of diffusion of reagents or target molecules into and out of the hydrogel. Generally,
less crosslinking provides a hydrogel having larger pores, thereby allowing diffusion of
larger biological macromolecules through the hydrogel.

As indicated above, gellation time can be controlled to a certain extent by
controlling the concentrations of copolymer and crosslinker. Asused herein, gellation
time refers to the amount of time necessary for a solution that can form a gel to become no
longer fluid. In many instances, these parameters provide adequate control to allow
placing the coating solution into the proper configuration prior to the occurrence of
gellation. For some applications or product concepts, however, these parameters by
themselves do not allow long enough gel times for use in manufacturing. Through the use
of some novel crosslinking schemes, the present invention now provides coating
formulations with extended pot lives; that is, the coating formulations remain soluble and
homogeneous with low attendant viscosities for extended periods of time. Upon
evaporation of the solvent and/or raising the temperature of the coated substrate, the

coating formulations crosslink to produce the hydrogels of the present invention. These
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novel crosslinking.schemes are achieved by using heterobifunctional crosslinkers, i.e.,
crosslinkers that have one nucleophilic functional group that reacts with the azlactone
group at ambient temperature in solution (e.g., a primary amine) and at least one other
functional group that can lead to a crosslinking reaction upon removal of the solvent or
upon raising the temperature. One class of crosslinkers that may be used in this manner is
the aminoalkylalkoxysilanes such as, for example, 3-aminopropyltrimethoxysilane, 3-
aminopropyltriethoxysilane, N-[3-(trimethoxysilyl)propyljethylenediamine, or other
aminoalkylmono-, di- and tri-alkoxysilanes. The amino group undergoes a ring-opening
addition reaction with an azlactone group, providing a pendant alkoxysilane group on the
copolymer. Upon dry-down, the alkoxy groups may be hydrolyzed and subsequently form
siloxane crosslinks between polymer chains. Depending upon the nature of the substrate,
covalent bonds may simultaneously be made with functional groups on the surface of the
substrate (for example, if the substrate is siliceous, siloxane linkages to the substrate may
be formed).

Another class of crosslinking agents useful for prolonging pot life or gellation
times includes primary/secondary (1°/2") amine-containing compounds. In these
materials, the primary amine provides rapid reaction with an azlactone group on the
copolymer at room temperature, while the secondary amine is relatively slow to react.
Removing the solvent, raising the temperature of the coated article, or both allows the
secondary amine to react to form the hydrogel. Suitable 1°/2° amine-containing
compounds include, without limitation, N-methyl-1,2-ethanediamine, N-ethyl-1,2-
ethanediamine, N-isopropyl-1,2-ethanediamine, and other N-alkyldiaminoalkanes.
Increasing the steric bulk of the N-alkyl substituent provides a greater barrier to reaction
of the secondary amino group, thus necessitating a higher temperature to produce
crosslinking.

Once formulated, the coating solutions can be applied to desired substrates and
dried (optionally with the application of heat) to produce the hydrogels of the present
invention. Coating methods can vary widely depending upon the particular substrate, and
may be selected from methods known in the art. These include, for example, extrusion
coating, die coating, dip coating, air-knife coating, gravure coating, curtain coating, spray

coating, use of wire-wound coating rods, and the like.
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With certain substrates, the hydrophilic azlactone-functional polymer will exhibit
faitly good adhesion. Crosslinking to produce a hydrogel insolubilizes the coating and
reduces the likelihood of the coating coming off of the substrate in subsequent
manipulations. Adhesion of the coating to the substrate may be improved, if desired, by
any known method. Such methods include, but are not limited to, various pre-treatments
to or coatings on the surface of the substrate, such as corona or plasma treatments, or by
the application of primers. Suitable primers include, without limitation, polyethylenimine,
polyvinylidenechloride, primers such as those reported in U.S. Pat. No. 5,602,202, issued
to Groves, and colloidal dispersions of inorganic metal oxides in combination with
ambifunctional sﬂancs_ such as those reported in U.S. Pat. No. 5,204,219, issued to Van
Ooij et al., 5,464,900, issued to Stofko et al., and 5,639,546, issued to Bilkadi, Other
methods of increasing adhesion to polyolefin substrates are reported in U.S. Pat. No.
5,500,251, issued to Burgoyne et al.

The hydrophilic coatings and hydrogels of the invention may be applied to a wide
variety of substrates. The substrates may be natural or synthetic, organic or inorganic,
porous or nonporous, flat and substantially featureless or highly structured. The substrates
may be film-like, particulate-like, or molded plastic articles. Suitable substrates include,
without limitation, standard 96-, 384, or 1536-well plastic microtiter plates, including
filtration plates; grooved, microreplicated films; microfluidic channels in microfluidic
devices; embossed or microstructured films; tubes or capillaries; spin tubes or spin
columns; glass, ceramic, or metal particles or fibers, including porous particles or fibers;
porous or nonporous polymeric fibers or particles, such as chromatographic particles;
oriented or non-oriented polymeric films; woven or nonwoven webs (such as fibrous
webs); porous ot microporous membranes; and the like.

The substrate. chosen will depend upon the intended application or device. Those
applications include, without limitation, devices such as DNA or protein arrays; biological
assay or diagnostic devices; capillary electrophoresis, electrochromatography, or other
separation devices; chromatographic supports for affinity, ion exchange, hydrophobic
interaction, or other types of separations and purifications; cell selection or separation
devices; and the like. For example, when using oriented polymeric films as the substrate,
the coatings of the invention are advantageously used to prepare high-density,

miniaturized arrays as described in International Publication Number WO 99/53319.
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Once the reactive coatings or hydrogels are applied to the substrates, the residual
azlactone functionality is available for reaction with the functional material. Again, the
intended application will dictate the identity of the functional material. Preferred
functional materials are biologically active materials such as proteins, enzymes,
oligonucleotides, or any other species that may interact with biological species.
Derivatization may be conducted in aqueous, buffered media, as is well known for
reactions of azlactone-functional substrates, although other media such as organic solvents

may be used.

Examples
The following examples have been selected merely to further illustrate features,
advantages, and other details of the invention. It is to be expressly understood, however,
that while the examples serve this purpose, the particular ingredients and amounts used as
well as other conditions and details are not to be construed in a matter that would unduly

{imit the scope of this invention.

EXAMPLE 1.
Gel Formation in Microtiter Tray Format

40% Solids solutions in methyl ethyl ketone (MEK) of 90:10 w/w and 70:30 w/w
copolymers of dimethylacrylamide (DMA) and vinyldimethylazlactone (VDM) were
prepared by standard free radical polymerization techniques. Portions of each were
diluted with 20:1 v/v isopropanol:MEK to give solutions of 2.5% and 10% solids of each
copolymer. Portions of each of these dilute solutions were then formulated with enough
aminopropyltrimethoxysilane to react with and provide crosslink densities of 2.5% and
10% by weight, thus providing a total of 8 different formulations. These solutions were
then deposited, using a micropipette, into the wells of a 384-well polypropylene microtiter
tray. Some of the wells were left exposed to the ambient atmosphere while others wete
covered with Scotch Brand Magic Mending Tape (Minnesota Mining and Manufacturing
Co., St. Paul, MN). The mixtures in the wells were observed to thicken and become gelled
(crosslinked). Shrinkage was observed in the untaped wells due to solvent loss, however,
swelling reoccurred upon addition of solvent or water. Upon removal of the tape from the

taped wells, the gels were smoothly pulled out of the wells and remained tightly adhered

10
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to the tape in a raised gel pattern. Except for the gels prepared from 90:10
poly(DMA/VDM)/10% crosslinker, all have residual azlactone functionality which can be

used for covalent attachment of biological or other functional materials.

EXAMPLE 2.
Formation of Gels in 96-Well Plate
The formulations of Example 1 were used to fill wells (250 microliters each) in a
commercial polystyrene 96-well microtitration plate. Because of the larger volume, longer
gellation times were observed. Some of the gels could be pulled from the wells with tape
as described in Example 1. Alternatively, addition of smaller amounts of solution, or of
lower % solids solutions, allowed formation of thin coatings of azlactone-functional

hydrogels on the interior surfaces of the microwells.

EXAMPLE 3.
Formation of Reactive Coating within Wells of a 1536-well Plate
A 40% solids solution (MEK) of 80:20 w/w poly(DMA/VDM) was diluted to 20%
solids with isopropanol (IPA), formulated with enough ethylenediamine to provide a
crosslink density of about 10% by weight, then applied to a commercial 1536-well plate.
A windshield wiper blade was used to coat and force the solution into the wells. Upon

drying, a reactive, azlactone-functional polymeric coating was obtained within the wells.

EXAMPLE 4.

Formation of Thin, Reactive Coating in a Microtiter Tray
A portion of polypropylene 384-well microtiter tray was cleaned by rinsing with methanol
and isopropanol, then dried in an oven at 50°C for 5 minutes. 1pl, 2 pl, 3 pl, 4 pl, 5wl or
10 1 of 0.1% w/w polyethylenimine in deionized water were added to adjacent wells in
each of two separate rows. A third row of wells was left untreated. The tray was dried in
the oven again for 5 minutes. 2 microliters of 5% solids 70:30 poly(DMA/VDM)
copolymer, prepared as in Example 1, was added to each well. The tray was again oven-
dried for 5 minutes. A solution of 5-((5-aminopentyl)thioureidyl) fluorescein cadaverine
(1 mg/ml in dimethylformamide, Molecular Probes, Inc., Eugene, OR) was diluted to a

concentration of 20 micrograms/ml using a buffer consisting of 1 M sodium sulfate in 50

11
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mM 3-{( 1,1—dimethyi—Z—hydroxyethyl)amincyZ—hydroxypropauesulfonic acid (AMPSO),
pH 9.0, in dejonized water. 2 microliters of this dilute dye solution was added to each of
the coated wells and allowed to dry. The tray was then washed thoroughly with deionized
water, wetted with some of the above AMPSO buffer, and observed under short
wavelength (254 nm) UV irradiation. All wells were examined for fluorescence. Green
fluorescence within a well indicated that the fluorescein cadaverine had reacted with the
azlactone copolymer coating and had become covalently bound within the well. The tray
was then washed with the AMPSO buffer and reexamined. No fluorescence was observed
in the untreated wells, indicating that the coating had not adhered to the copolymer and
had been washed off with the AMPSO buffer. However, all wells primed with
polyethylenimine still showed fluorescence, with the intensity increasing with increasing
PEI level. The tray subsequently was washed with 1% w/w SDS (sodium dodecylsulfate)
in deionized water and reexamined. No change was seen, indicating good adhesion and/or
the PEI priming accomplished crosslinking.

The above experiment was repeated using a microtiter tray containing larger (ca. 8
mm x 8 mm square) wells, and larger volumes of the various solutions. Similar results

were observed.

EXAMPLE 5.
Effect of Solvent, Concentration, and Crosslinker on Gel Time

The 70:30 w/w p(DMA/VDM) copolymer from Example 1 (Polymer A), prepared
at 40% solids in MEK, was determined by gel permeation chromatography (GPC) to have
a weight average molecular weight (M) of 600,000. A similar copolymer (Polymer B)
was prepared at 40% solids in toluene, and determined to have a M,, of 702,000. These
two copolymer solutions were diluted with either methyl ethyl ketone (MEK) or
isopropanol (IPA) to concentrations varying from 5-15% solids, then formulated with
enough ethylenediamine to react with1-10% by weight of the total monomer units in the
copolymer. Gellation times (time at which the solution was no longer fluid) were

observed. Results are listed in Table 1.

JP 2004-535488 A 2004.11.25
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Table 1. Hydrogel Formation

Polymer % Solids Dilnent % ED Gel Time
A 10 IPA 1 84 min
A 10 IPA 2.5 50 min
A 10 TPA 5 27 min
A 10 IPA 10 25 min
A 15 IPA 1 30 min
A - 15 IPA 25 18 min
A 15 IPA 5 16 min
A 15 IPA 10 13 min
B 5 IPA 10 30 min
B 10 IPA 10 2.25 min
B 5 MEK 10 >48 hrs
B 10 MEK 10 60 min

These results illustrate control of gellation times and also demonstrate the inhibitory effect
of MEK on the formation of crosslinked hydrogels.

Copolymer B was diluted with IPA to give polymer concentrations of 50 mg/ml
and 100 mg/ml of solution, respectively. Samples of each solution (3 ml each) were
.formulatsd with enough diamine to provide 10% and 20% crosslinking. Diamines utilized
were N-ethyl-1,2-ethanediamine, N-propyl-1,2-cthanediamine, and N-isopropyl-1,2-
ethanediamine (N-EED, N-PED, and N-IED, respectively). Gellation times were observed
at room temperature and at 65°C. No gellation was observed at room temperature over
several days. At 65°C, gel times occurred in the following order: N-EED (fastest) > N-
PED > N-IED. In a separate experiment, an IPA solution of copolymer B/10% N-EED
was dried down at room femperature; the dry polymer readily re-dissolved upon addition
of solvent. By contrast, a sample dried at 65°C would not redissolve, indicating that
crosslinking had occurred at the elevated temperature. Infrared spectroscopy verified the
extent of reaction with various crosslinkers by comparing the intensity of the azlactone
carbonyl absorption band at about 1820 e to the amide carbonyl band at about 1640 e
! All of these results illustrate that secondary amines can be used to control the rate of

crosslinking reactions with azlactone functional groups.
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EXAMPLE 6.
Additional Experiments on Gel Formation

Numerous experiments were conducted on the formation of gels using
microcentrifuge tubes as containers. Various polymer solutions were prepared varying
from 1.0% solids to 20% solids, then these were reacted with a variety of crosslinkers
(using varying amounts of each separate crosslinker), and the gellation times noted.
Copolymer solutions used included:

a) 95:5,90:10, and 70:30 w/w p(Acrylamide/VDM) in water;

b) 80:20 w/w poly(DMA/VDM) in isopropanol
Crosslinkers included:

a) Aminopropyltrimethoxysilane

b) 1.0 M ethylenediamine in ethanol

¢) 10% w/w PEI in methanol

d) Polylysine in water
Gellation times of minutes to hours after mixing were obtained, and could be controlled by
varying polymer % solids and amount of crosslinker added. These same variables affected

the stiffness of the gel that formed.

EXAMPLE 7.
Coating of Microreplicated Films

A microreplicated polypropylene film approximately 5.5 cm wide, containing 25
channels approximately 1 mm x Imm in cross-sectional dimensions, spaced 1 mm apart,
and running the length of the film, was used as the substrate. Several coating solutions of
Polymer A similar to those described in Example 5 were prepared (varying from 1-15%
solids and containing 1-10% crosslinker), and were applied by syringe into channels of the
substrate. After the coating was crosslinked and dried, the coated substrate was placed in
deionized water to rehydrate the gels. In many instances, the gels were observed to swell
and pop out of the channels, thereby indicating poor adhesion to the substrate. To
minimize this problem, the substrate was primed by dip coating in a 1% w/w solution of
polyethylenimine (PEI) in methanol followed by drying at ambient temperature overnight.

New coating solutions at 5% and 10% solids with 2.5%, 5%, and 10% crosslinker were
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applied and allowed to gel. The gels were observed to remain in the channels when

challenged with deionized water, even though they did swell somewhat.

EXAMPLE 8.
Immobilization of Proteins on Microreplicated Films

The PEI-primed substrate of Example 7 was used, and channels were filled with
gels derived from 5% solids copolymer formulated with 5% ethylenediamine as
crosslinker. Separate pieces of coated substrate were individually dipped in the following
protein coupling solutions for 30 minutes to 1 hour: (a) 5 mg/ml bovine serum albumin in
phosphate buffered saline (PBS), pH 7.5, containing 1.0 M sodium sulfate; (b) 5 mg/ml
myoglobin in 0.1 M 2-[N-cyclohexylamino]ethanesulfonic acid (CHES), pH 9.0,
containing 1.0 M citrate; (¢) 1 mg/ml Protein A in PBS, pH 7.5, containing 0.9 M sodium
sulfate. After coupling, the substrates were washed thoroughly with 1.0 M sodium
chloride in PBS to remove any noncovalently bound protein.

Protein coupling was evaluated as follows:

(a) A coated substrate was reacted with myoglobin, coupled as described above,
and then observed with an optical microscope. The coated substrate contained reddish-
brown stained gels in the channels, indicative of coupled myoglobin.

(b) A coated substrate was reacted with myoglobin and placed in a solution of
BCA protein assay reagent (Pierce Chemical Co., Rockford, Illinois). The formation of a
deep purple color indicated the presence of coupled protein.

(¢) A coated substrate that had been reacted with Protein A and a coated substrate
that had been reated with albumin were separately soaked in dilute solutions of rabbit IgG
FITC (fluorescein isothiocyanate) conjugate (Sigma Chemical Co., St. Louis. Missouri) in
PBS. The coated substrates were washed with PBS, then observed microscopically for
bound fluorescence. The coated substrate that had been reacted with Protein A exhibited a
strong fluorescent signal, thereby indicating that the IgGs had bound to the Protein A. The
coated substrate that had been reacted with albumin exhibited no fluorescence. When the
fluorescence intensity of the Protein A coupled gel was measured using a raster scanning
device equipped with a 488 nanometer laser, fluorescein filters, and a photomultiplier

tube, the intensity was found to be 74,300 RLU (relative light units) above background
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(uncoated plastic). Control samples that had not been exposed to proteins also exhibited
1o bound fluorescence.

Similar results were obtained when these experiments were repeated on a
microreplicated film having much smaller “V groove” channels. These microchannels had
a triangular cross section with a base of approximately 0.3 mm and a height of

approximately 0.35 mm.

EXAMPLE 9.
Coating glass slides with azlactone polymers
Azlactone/dimethylacrylamide copolymer was premixed with 3-
aminopropylirimethoxysilane (APTMS) and then coated onto glass slides. The amino
group of the APTMS is able to react with an azlactone group on the copolymer and the
trimethoxysilyl (TMS) group of the APTMS is able to react with the glass. Also some of
the TMS groups will react with other TMS groups, thereby resulting in crosslinking.

Glass Slide Preparation:

Frosted-ended glass slides were placed in 1M sodium hydroxide and allowed to
soak for 10 minutes. The slides were removed with forceps and washed under a stream of
distilled water to remove all excess sodium hydroxide. The slides were then dipped in 1M
HCl and soaked for at least 10 minutes with gentle rocking or occasional stirring. Finally,
the slides were washed in a stream of distilled water to remove all of the HCI, rinsed with

methanol, and placed in an oven to dry (50°-70°C).

Solutions:

1. Polymer Solvent: 20:1 TPA:MEK (200 mL IPA and 10 mL MEK)

2: Polymer solutions: A stock solution of 50:50 w/w DMA/VDM copolymer, prepared at
40% solids in MEK, was diluted to 2%, 5% and 10% solids using the Polymer Solvent.

3. APTMS: This reagent was used undiluted or as a 1:10 dilution in Polymer Solvent.
Just before use, 1 ml of APTMS was mixed with 9 ml of the Polymer Solvent and kept
in a sealed glass vial.

4. Fluorescein cadaverine: 100ug/mL of fluorescein cadaverine in a solution of 1M

sodium sulfate in 50 mM AMPSO buffer at pH 9.5.

16
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Slide Coating:

The coating solutions were prepared, as shown in Table 2, just before coating.
Two slides were coated with each of the listed solutions, and one cleaned slide was kept as
a blank (13 slides in all). Coating was accomplished with a number 14 wire-wound
coating rod. Coated slides were dried in the oven at 50° C for 10 minutes or until

completely dry.

Table 2.

Coating Solutions 2% 5% 10% Undiluted |1:10 diluted
copolymer | copolymer | copolymer | APTMS APTMS
(ml) (ml) (ml) ) @b
B1: 2% copolymer, 10 140
5% crosslinker
B2: 2% copolymer, 10 280
10% crosslinker
B3: 5% copolymer, 10 350
5% crosslinker
B4: 5% copolymer, 10 70
10% crosslinker
B5: 10% copolymer, : 10 70
5% crosslinker
B6: 10% copolymer, 10 140
10% crosslinker

Reaction with the fluorescein cadaverine:

To verify the presence of reactive azlactone functionality, coated slides were
evaluated by reaction with fluorescein cadaverine. A water-soaked piece of filter paper
was placed in the bottom of each of 13 petri dishes. Each coated slide was placed in a
separate petri dish on top of the wet filter paper with the coated side up. Onto each slide
were placed two spots each of 2 ul, 5 pl, and 7 pl of the fluorescein cadaverine solution,
being careful to keep the spots separated. Each of the petri plates were then covered and
allowed to stand overnight at ambient temperature. Each slide was washed well with
deionized water, followed by a solution of 5% SDS, deionized water, and finally with
AMPSO buffer at pH 9.5. After washing, all slides were examined under the microscope,
poting intensity of the fluorescence and quality of the adhesion to the substrate. All

formulations exhibited good binding of the fluorescent amine, however B1, B3, and B5

17
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did not display as good adhesion as the other formulations. The blank showed no

fluorescence.

EXAMPLE 10.
Example 9 was repeated using the 70:30 w/w poly(DMA/VDM) copolymer of
Example 1. In this case, all formulations exhibited excellent adhesion and dye binding,

while the blank again showed no fluorescence.

EXAMPLE 11.
Example 10 was repeated using polycarbonate film as the substrate instead of glass

slides. Results were similar to those observed in Example 10.

EXAMPLE 12.
Coating of Particulate Substrates

A 70:30 w/w copolymer of DMA and VDM similar to Polymer B of Exarmple 5
(0.9 g of a 22.3% solids solution in isopropanol/toluene) was diluted to 25.5 ml with IPA
to give a 1% solids solution. Ethylenediamine (4.8 pl) was added to provide 10%
crosslinking. The resulting solution was mixed in a round bottomed flask with 5.0 g
POROS 50-R2 (porous, crosslinked styrene-divinylbenzene chromatographic beads from
PerSeptive Biosystems, Inc., Framingham, MA). The mixture was placed on a rotary
evaporator and concentrated to dryness under vacuum. Diffuse reflectance infrared
analysis of the coated particles showed absorbances at about 1650 and 1820 cm’?,
indicative of the amide and azlactone carbonyl stretches of the copolymer, respectively.

A protein coupling solution consisting of 5 mg/m! myoglobin in 0.1 M CHES, pH
9.0, containing 1.0 M citrate and 0.1% by weight TWEEN 20 detergent was prepared. 30
mg of coated beads were mixed with 5 ml of protein solution. In a separate reaction, 30
mg of coated beads were pre-wet with 0.1 ml of methanol prior to the addition of protein
solution. Beads were allowed to react with the protein coupling solution with end-over-
end mixing for 1 hour. 1% SDS solution (3 ml) was added to each reaction and mixing
was continued for an additional 30 minutes. The mixtures were centrifuged and the
absorbance of the supernates was measured at 532 nm and compared to a standard

prepared by mixing 5 mi of protein solution with 3 ml SDS solution. From the supernate

18
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absorbances, the beads in the first experiment were calculated to have coupled 27.9 mg
myoglobin per gram of bead, whereas beads in the presence of methanol coupled 38.0 mg
myoglobin per gram of bead. A control, uncoated bead exhibited no coupling of
myoglobin.

In analogous experiments, porous and nonporous silica beads were coated with

azlactone functional copolymers using either ethylenediamine or APTMS as crosslinkers.

EXAMPLE 13.
Coating of Nonwoven Webs

A variety of nonwoven webs were coated with hydrogels derived from a 70:30
w/w poly(DMA/VDM) prepared by free radical polymerization in IPA and crosslinked at
the 10 wt.% level with either ethylenediamine (ED) or N-ethylethylenediamine (N-EED).
The copolymer was diluted to either 1.5% or 3.0% solids with IPA prior to formulation
with the crosslinker. Nonwovens used were commercial samples of spunbond nylon
(Nylon), polybutyleneterephthalate (PBT), polyethyleneterephthalate (PET), or
polypropylene (PP). Samples of the nonwoven were soaked in coating solution for 30
minutes, patted dry with a wipe (Texwipe Co., Upper Saddle River, NJ), and dried in an
oven at 50°C for 30 minutes. Following coating, the amount of available azlactone
functional groups was determined by converting the azlactones to primary amines, then
measuring the amine content using a commercial ninhydrin assay kit (Applied Biosystems
Corp., Foster City, California) according to the manufacturer’s instructions. For this
assay, a weighed sample of the coated nonwoven was allowed to react with a 0.5 M
solution of ED in IPA for 30 minutes, then washed successively with 3-15 ml portions
each of dimethylformamide, deionized water, and ethanol prior to beginning the ninhydrin

assay. Results are listed in Table 3.

Table 3. Functionality of Coated Nonwovens

Example | Nonwoven Web % Crosslinker Amine
density | Solids Content
(g/m?) (nmol/mg)
132 - Nylon NA 3.0 ED 21
13b PBT 41.2 3.0 ED 93
13¢ PET 35.0 3.0 ED 104
13d PP 15.0 1.5 ED 69
19
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Example | Nonwoven Web %o Crosslinker Amine
density | Solids Content
(g/m’) (amol/mg)
13e PP 15.0 3.0 ED 148
13f PP 15.0 1.5 N-EED 47
13g PP 15.0 3.0 N-EED 93

EXAMPLE 14.
Coating of Oriented Polymer Films

Coating of the compositions of the present invention on biaxially oriented
polyethylene film for the purposes of preparing miniaturized arrays is reported in
International Publication Number WO 99/53319.

A substrate film was corona treated according to known techniques prior to
coating. The substrate was coated by extrusion die coating with 70:30 w/w
poly(DMA/VDM, with 10% 1,2-ethylenediamine (Aldrich Chemical Co., Milwaukee,
Wisconsin) by weight as crosslinker, prepared and diluted with isopropanol. Another
substrate was treated and coated similarly, except that the coating was prepared and
diluted in methyl ethyl ketone. Each substrate was tested for stability as follows.

A 50 mM sodium phosphate buffer was prepared at pH 8.38 with 1% (w/w)
sodium dodecyl sulfate (SDS) in deionized water. The substrates were immersed in the
buffer solution at 80°C for 5 hours. The substrates were analyzed using attenuated total
reflectance (ATR) IR spectroscopy to detect presence of the coating.

The coating prepared in isopropanol provided better adhesion than the coating
prepared in methyl ethyl ketone. Even better stability, even prior to relaxation of the
substrate, is obtained by applying IPA-based coatings to metal coated oriented films such
as those described in International Publication Number WO 01/16370.

Various modifications and alterations to this invention will become apparent to
those skilled in the art without departing from the scope and spirit of this invention. It
should be understood that this invention is not intended to be unduly limited by the
illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims set forth herein as follows.

20
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‘What is claimed is:

1. A crosslinked hydrogel for coating a substrate comprising:
at least one azlactone-functional copolymer comprising a plurality of azlactone
moieties, a plurality of azlactone functional groups, and at least one comonomer; and
at least one crosslinker comprising a first moiety and a second moiety;

wherein the first moiety of a first crosslinker is covalently bound to a first

" azlactone moiety and the second moiety of the first crosslinker is covalently bound to a

second azlactone moiety or a second crosslinker.

2. The crosslinked hydrogel of claim 1 wherein the second moiety of the first

crosslinker is covalently bound to a second azlactone moiety.

3. The crosslinked hydrogel of claim 2 wherein at least one crosslinker comprises a
primary polyamine.
4. The crosslinked hydrogel of claim 3 wherein the primary polyamine is

ethylenediamine; 1,3~propanediamine; 1,3-diamino-2-hydroxypropane; 1,6-

hexanediamine; or tris-(2-aminoethyl)amine.

5. The crosslinked hydrogel of claim 2 wherein at least one crosslinker comprises a

polyetherpolyamine.

6. The crosslinked hydrogel of claim 5 wherein the polyetherpolyamine is 4,7,10-
trioxa-1,13-tridecanediamine; 3,6-dioxa-1,8-diaminooctane; an amine-terminated
polyethyleneglycol homopolymer; an amine-terminated polyethyleneglycol copolymer; an
amine-terminated polypropyleneglycol homopolymer; or an amine-terminated

polypropylene copolymer.

7. The crosslinked hydrogel of claim 2 wherein at least one crosslinker comprises a

1°/2° amine-containing compound.

21
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8. The crosslinked hydrogel of claim 7 wherein the 1°/2° amine-containing
compound is N-methyl-1,2-ethanediamine; N-ethyl-1,2-ethanediamine; or N-isopropyl-

1,2-ethanediamine.

9. The crosslinked hydrogel of claim 1 wherein the second moiety of the first

crosslinker is covalently bound to a second crosslinker.

10.  The crosslinked hydrogel of claim 9 wherein the first crosslinker and the second

crosslinker have the same chemical structure.

11.  The crosslinked hydrogel of claim 9 wherein the first crosslinker and the second

crosslinker have different chemical structures.

12. The crosslinked hydrogel of claim 9 wherein at least one crosslinker comprises a

heterobifunctional crosslinker.

13.  The crosslinked hydrogel of claim 12 wherein the heterobifunctional crosslinker is
an aminoalkylmonoalkoxysilanie, an aminoalkyldialkoxysilane, or an

aminoalkyltrialkoxysilane.

14.  The crosslinked hydrogel of claim 13 wherein the heterobifunctional crosslinker is
3-aminopropylirimethyoxysilane, 3-aminopropyltriethoxysilane, or N-[3-

(trimethoxysilylypropyllethylenediamine.

15.  The crosslinked hydrogel of claim 1 wherein at least one comonomer is an
acrylamide, a methacrylamide, an N-monosubstituted acrylamide, an N,N-disubstituted
acrylamide, an N-monosubstituted methacrylamide, an N,N-disubstituted methacrylamide,

an N-vinylamide or a hydroxyalkylacrylate.

16.  The crosslinked hydrogel of claim 1 wherein at least one comonomer is an ionic

comonomnier.
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17.  The crosslinked hydrogel of claim 16 wherein the ionic comonomer is acrylic acid,
methacrylic acid, maleic acid, fumaric acid, itaconic acid, vinyl phosphoric acid, vinyl
phosphonic acid, styrenesulfonic acid, 2-acrylamido-2-methyl-1-propanesulfonic acid, 2-
vinylpyridine, 3-vinylpyridine, 4-vinylpyridine, (3-acrylamidopropyl)trimethylammonium
chloride, 2-diethylaminoethylacrylate, 2-diethylaminoethylmethacrylate, 3-

dimethylaminopropylacrylate, or 3-dimethylaminopropylmethacrylate.

18. The crosslinked hydrogel of claim 1 wherein at least one comonomer is non-

hydrophilic.

19.  The crosslinked hydrogel of claim 18 wherein the non-hydrophilic comonomer

comprises a free radically polymerizable monomer.

20.  The crosslinked hydrogel of claim 19 wherein the free radically polymerizable

monomer is an acrylate ester, a methacrylate ester, or a styrene.

21.  The crosslinked hydrogel of claim 18 wherein the copolymer comprises less than
about 50% non-hydrophilic monomer, by weight.

22.  The crosslinked hydrogel of claim 21 wherein the copolymer comprises less than

about 30% non-hydrophilic monomer, by weight.

23.  Anarticle comprising:
a substrate; and
a hydrogel coating disposed upon the substrate, the coating comprising
i) at least one azlactone-functional copolymer comprising a plurality of
azlactone moieties and a plurality of azlactone functional groups, and
ii) at least one crosslinker comprising a first moiety and a second moiety;
wherein the first moiety of a first crosslinker is covalently bound to a first )
azlactone moiety and the second moiety of the first crosslinker is covalently bound to one

of: a second azlactone moiety or a second crosslinker.

23
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24.  The article of claim 23 wherein the substrate comprises a plate, a film, a particle, a

fiber, a column, a bead, a web, or a membrane,
25.  The article of claim 23 further comprising a primer.

26.  The article of claim 25 wherein the primer is polyethylenimine, polyvinylidene

chloride, a colloidal dispersion of metal oxides, or an ambifunctional silane.

27. A composite comprising:
a substrate;
a hydrogel coating disposed upon the substrate, the coating comprising
i) at least one azlactone-functional copolymer comprising a plurality of
azlactone moieties and a plurality of azlactone functional groups, and
ii) at least one crosslinker comprising a first moiety and a second moiety,
wherein the first moiety of a first crosslinker is covalently bound to a first
azlactone moiety and the second moiety of the first crosslinker is covalently
bound to a second azlactone moiety or a second crosslinker; and

a functional material.

28. The composite of claim 27 wherein the substrate comprises a plate, a tilm, a

particle, a fiber, a column, a bead, a web, or a membrane,
29.  The composite of claim 27 further comprising a primer.

30.  The composite of claim 29 wherein the primer is polyethylenimine, polyvinylidene

chloride, a colloidal dispersion of metal oxides, or an ambifunctional silane.

31.  The composite of claim 27 wherein the functional material is a polypeptide, a

polynucleotide, a polysaccharide, or any combination thereof.

32. A method of making a crosslinked hydrogel coating comprising:

24
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preparing at least one azlactone-functional copolymer comprising a plurality of

azlactone functional groups;
. diluting the azlactone-functional copolymer in an organic solvent;

adding at least one crosslinker comprising a first functional group and a second
functional group to the azlactone-functional copolymer; and

polymerizing the hydrogel by allowing the first functional group of a first
crosslinker to covalently bind to a first azlactone functional group, and allowing the
second functional group of the first crosslinker to covalently bind to a second azlactone

functional group or a second crosslinker, to form a hydrogel.

33. A method of controlling gellation time of a hydrogel comprising:

providing a solution of azlactone-functional copolymer comprising a plurality of
azlactone functional groups;

selecting at least one crosslinker comprising a first functional group and a second
functional group;

adding the selected at least one crosslinker to the solution;

providing reaction conditions that allow the first functional group of a first
crosslinker to covalent bind with a first azlactone functional group; and

changing the reaction conditions to allow the second functional group of a first,
crosslinker to covalently bind to a second azlactone functional group or a second

crosslinker, to form a hydrogel.

34.  The method of claim 33 wherein the second functional group of the first

crosslinker covalently binds to a second azlactone functional group.

35.  The method of claim 34 wherein at least one crosslinker comprises a 1°/2° amine-

containing compound.

36.  The method of claim 35 wherein the 1°/2° amine-containing compound is N-

methyl-1,2-ethanediamine; N-ethyl-1,2-ethanediamine; or N-isopropyl-1,2-ethanediamine.
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37.  The method of claim 33 wherein the second functional group of the first

crosslinker covalently binds to a second crosslinker.

38.  The method of claim 37 wherein the first crosslinker and the second crosslinker

have the same chemical structure.

39.  The method of claim 37 wherein the first crosslinker and the second crosslinker

have different chemical structures.

40.  The method of claim 37 wherein at least one crosslinker comprises a

heterobifunctional crosslinker.

41.  The method of claim 40 wherein the heterobifunctional crosslinker is an
aminoalkylmonoalkoxysilane, an aminoalkyldialkoxysilane, or an

aminoalkyltrialkoxysilane.
42.  The method of claim 41 wherein the heterobifunctional crosslinker is 3-

aminopropyltrimethyoxysilane, 3-aminopropyltriethoxysilane, or N-[3-

(trimethoxysilyl)propylJethylenediamine.
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